The purpose of this paper is to implement a new systematic methodology for conducting conceptual design studies of an Unmanned Aerial Vehicle (UAV). During the design phase of any system, many variables, tasks, parameters and components should be taken into account. In this work we employ a system engineering powerful analysis technique based on Sensitivity Design Structure Matrix (SDSM). DSM provides a simple, compact, and visual representation of a complex system which supports innovative solutions to decomposition and integration problems. In this work, SDSM method, considered as a powerful technique in design analysis of complex systems, has been employed in design analysis of a light weight UAV. Applying this effective disintegration methodology, all the design parameters and their inherent interconnections could be specified and if the design structured matrix elements confront changes, based on any changes in internal or external design drivers, its propagating effects on the whole system concept could be directly traceable which in turn lead least effect on the total system variations. Finally this paper shows that disintegrated, sections-based design process architecture, like that used for the Sirang, as a light weight UAV, is optimal for product development, and it results in a low cost architecture for development of UAVs.
Introduction
Aircraft development process involves identification of its requirements, listing of asks to accomplish, and identification and allocation of required resources for its successful execution. Generally the life cycle of an aerial mission progresses through four phases:
1-Design Phase

2-Production
3-Operations
4-Support
Design process of an aircraft system prior to its production stages can be decomposed into three phases: conceptual design, preliminary design and detailed design, which are traditionally executed in that sequential order. In brief, conceptual design results in a broad definition of the flying mission and its components and finally, it results in feasible aircraft concepts polar, tailored to the established driving requirements, refined through higher fidelity analyses in preliminary design before the complete specification is finalized in detailed design stage. The formal design phase, results in detailed definition of the aircraft components and development of test hardware and software.
In the operations and support phase, the day to day operation of the flying system, its maintenance and support, and finally its disposal or recovery at the end of mission life will be considered.
The main challenge in designing procedure of an aircraft is its multidisciplinary nature. This is characterized by degrees of influences that each design discipline has on the others, such as how aerodynamic lift and yaw moments, drive the sizing of horizontal stabilizer and rudder, which consequently affect flight control systems.
According to what mentioned above, a UAV, called Sirang, has been decided to be redesigned using Design Structure Matrix (DSM). Using this method, rework cost, product and development could be investigated and optimized. For example The result of implementing the DSM approach for Light Combat Aircraft (Navy) at Hindustan Aeronautics Limited, India, (in aircraft design) showed primary benefits of 75% reduction in routine activities, 33% reduction in design cycle time, 50% reduction in rework cost, and 30% reduction in product and process development cost of aircraft [1] .
The design structure matrix method originated in the 1960s, when several efforts were devoted to solve different systems of equations. Donald Steward (1981) first coined the term 'design structure matrix' and applied this concept to system design. The method gained more credibility due to the results of several researches done at the Massachusetts Institute of Technology in 1990s [2, 3] .
As a brief introduction, the DSM is a succinct way of addressing the modeling issue by re-structuring the flow of information in a complex system design, [2] . On the other hand, the DSM is an information exchange model which provides an elegant representation of the interactions that exist between the elements of a decomposed system or product [2] . The use of the DSM to represent the physical, task, and organizational views of engineering systems has expanded in recent years as there are over one hundred papers that demonstrate the value and/or extend the use of this matrix [3] .
There are two main categories of DSM; namely, static and timebased ( Figure 1 ). Static DSMs represent existing system elements, such as components of product architecture or groups in an organization, simultaneously. In time-based DSMs, the ordering of the rows and columns indicates a flow through time; upstream elements of a process precede downstream elements [2] .
This section develops an architecture options screening process by means of five steps, originally used in system architects and system engineering. Each step is a necessary and distinct purpose in the screening process. STEP 1: Define the set of potential operational scenarios and score each scenario for its likelihood and opportunity. STEP 2: Determine the unique functional requirements associated with each scenario. STEP 3: Complete a functional-to-physical mapping of functional requirements to physical design parameters by populating an expanded design structure matrix. STEP 4: Investigate a sensitivity analysis of the sensitivity of design parameters to changes in system functional requirements, and normalize final sensitivity-DSM. STEP 5: Apply an appropriate matrix clustering algorithm which could divide the sensitivity-DSM into sub-sections of highest sensitivity with minimal interaction between clusters [4] .
The extension of the DSM beyond the system boundary enables additional insight into the system behavior affected by the stakeholders and other external system drivers ( Figure 2) . The relationship between endogenous and exogenous variables is explored as a mean to understand how each scenario-generated functional requirement affects the physical design variables.
Generally, stakeholder is a person, organization, rules, etc., which could affect the working flow condition and impose new limitations on our designs. Since the Sirang UAV has been designed to participate in a student competition, the main and the most important stakeholders are the rules and conditions of the competition. Furthermore, this UAV has been designed so in order to be used by the pre-selected team sponsor who could be considered as the second stakeholder. The design team also intended to design a system which could be offered to prospective customers such as air monitoring companies, environmental and fire fighters organizations, so some special limits such as minimum and maximum altitude in urban areas may be imposed as new requirements to the design by these stakeholders.
As it can be seen in figure 3 , stakeholders has been separated from the defined system boundary due to the reality that they only impose limitations to our SDSM system and do not accept any input but their outputs have great influence on our system boundary.
As it has been already mentioned, the DSMs with higher priority should be placed in higher positions in system boundary and since the team DSM is the most important DSM in our system boundary, it has placed in the first stage and the other DSMs introduce one after each other based on the defined process hierarchy. In this way the output of each type of DSM is the input of the next stage. So should any fault occur in any subsystem, the problem could be easily traced to find and solve the exact source of the fault propagation. As an example, imagine that, there is some problem in aileron actuator which is defined as an element of the component-based DSM. According to the componentbased DSM the aileron may be influenced by different component parameters such as wing, servo motors, autopilot and etc. After checking these components, we should check if these components are influenced by the team-based DSM, placed before the component DSM. So in our example, if the fault source might be occurred in the Team DSM then, the team should reconsider its design due to the activity-based DSM. In this examined case, since the output of the Team DSM has been changed, all parameters in the system boundary which has been influenced by the aileron re-design will be changed. This results in that only the parameters which are in relationship with the aircraft aileron will be changed and the other parameters may be remained unchanged. Therefore, applying this procedure, significant reduction in routine activities, design cycle time and rework cost could be expected as the main advantages of this methodology.
Team-Based DSM
This is more workforce-oriented, is based on the information flow 
Component-Based or Architecture DSM
Used for modeling UAV system architectures based on components and/or subsystems and their relationships.
Activity-Based DSM
This DSM defines a compact, matrix representation of the UAV project network. The matrix contains a list of all constituent activities and the corresponding information exchange patterns. That is, which information pieces (parameters) are required to start a certain activity and where the information, generated by that activity, feeds into (i.e. which other tasks within the matrix utilize the output information). The DSM provides insights into how to manage an aircraft design and highlights needs and requirements, task sequencing, and iterations. Therefore using this approach, we could save time, energy and cost. Task-based DSM with all 38 tasks, which are the requirements of UAV design, is introduced as follows.
In the first step the UAV mission specification and mission profile should be determined. Sirang, the designed UAV, has a special mission, It should fly for at least one hour in two different altitudes with 3,000 ft difference in altitude, and carry a box with the weight of 2.5 (kg) as the main payload. According to this mission, a Data Base Bank (DBB) of UAVs using electrical engine has been selected, Therefore One important task is the weight of the battery pack which should be estimated from DBB. Empty weight of the aircraft is also estimated from DBB. By estimating battery, empty and payload weights, the total weight of the aircraft could be estimated. Now, a sensitivity analysis procedure should be applied to deliberate and consequently to demonstrate the validity of the available estimated parameters. Plotting the matching chart is one of the important goals of the conceptual aircraft design.
For some airplanes the mission task demands some certain value (like stall and cruise speed, climb, loiter or manoeuvre sizing,…) so for plotting the matching chart these demands should be estimated first.
To size the Sirang for climb requirements, it is necessary to estimate the airplane drag polar. Estimation the drag polar, which proposed an estimated model defining the flying vehicle drag force, could be referred to do two tasks including zero-lift drag and induced drag estimation. After calculating all performance sizing procedures, the matching chart could be plotted in the design plane in the next step the design point should be chosen in an acceptable area of the matching chart. This leads to next tasks of calculating the maximum power and the wing area. Now the real battery weight could be estimated using both the design point estimation stage and the kind of available batteries. In the next task, the new battery weight should be compared with the old one if these two weights don't match with each other, all these steps should be done again.
The wings of the UAV may affect so many design parameters such as efficiency, cruise distance, takeoff and landing distance, weight, aesthetics and maneuverability. So the wing positioning and sizing of the control surfaces are very important tasks in this design procedure. After finishing the wing and tails sizing tasks, the rest of airframe and all associated components could be sized and located within the design procedure task matrix.
The location of the components inside the fuselage is critical for all the aircraft and especially for this UAV because the CG of the UAV is extremely close to the neutral point and it can introduce some stability risks. In order to have an acceptable approach to the optimum efficiency in aerodynamic fuselage shape, this design is divided into two tasks influenced by fuselage aerodynamics and location, including in the taskbased DSM. In many respects the appropriate choice of the materials used in the manufacturing of the components of the device, determines the success of the mission. Special attention should be devoted to the main body parts in order to achieve Durability [5] . The method of launching and recovery of the aircraft should be selected according to the mission. Another task in UAV designing is V-n diagram. The V-n diagrams are used to determine the design limit and ultimate load factors, as well as the corresponding speeds to which airplane structures are designed. Any electromechanical system requires some subsystems and equipments to support its operation. These items may be available at various levels of activity matrix [6, 7] .
The anticipated costs and monetary returns of the UAV should be also determined [8, 9] . In order to be able to attract consumers, the Sirang, as a developing system, should be inexpensive with high performance ability. In the introduced task DSM, the final task for UAV design is the flight test activity [10] . Due to the complexity incorporating in the UAV design procedure, particularly the implementation of the experimental control surfaces and the integration of the fuel cell system, a series of flight test procedures and sequences were planned [11] [12] [13] .
Parameter-Based DSM Used for modeling low-level relationships between design decisions and parameters, systems of equations, subroutine parameter exchanges, etc in the UAV design project.
Activity-and parameter-based DSMs also differ in the scope of their representations. While an activity-based DSM models a design process, a parameter-based DSM merely documents the physical relationships between the required parameters of a design. Thus, an activity-based DSM may include reviews, tests, and coordination links that would not typically appear in a parameter-based DSM. This paper takes a more focused approach and defines a parameter as a physical property whose value determines a characteristic or behavior of a system component.
Conclusion
In this research we employed SDSM method as an effective approach for design analysis of complicated systems, to design a light weight UAV. Applying this system engineering methodology leads to visually specify different parameters and their influences on the whole system which in turn provides a better insight into the system levels hierarchy. Applying this method could help the system designer in finding the sources of faults which may happen and propagate in any phase of system mission profile and consequently try to redesign the essential parts to overcome the failure problem with a minimum time operational index. Leaving other parts unchanged, we could avoid the complex problems occurring by any change in other irrelevant parts.
